Fifteen lactating Holstein cows in a 3 × 3 Latin square experiment determined effects of ground newspaper in the diet. Test components of the rations were: A) 20% cottonseed hulls; B) 10% paper and 10% cottonseed hulls; C) 20% paper. All animals received 2.3 kg of long alfalfa hay daily. Proximate analysis and gross energy determinations indicated that the paper rations contained more crude fiber, ether extract, and gross energy and less crude protein and ash. Ink in the paper apparently caused higher gross energy values and probably increased ether extract. Estimates of dry matter digestibility by an in vitro technique were not significantly different being 77.4, 77.4, and 77.5 for the control, 10% paper, and 20% paper rations. Average daily ration intakes were significantly different among rations with intakes of 21.5, 17.0, and 12.5 kg per day for the control, 10% paper, and 20% paper. Paper at 20% of the ration significantly lowered actual milk yields but did not significantly lower fat-corrected milk yield during the six weeks. Average daily fat-corrected milk yields for control, 10% paper, and 20% paper treatments were 15.9, 16.9, and 16.3 kg. Milk fat percentages were 2.6, 3
Introduction
Feeding waste paper to ruminants has created interest because it could free conventional foodstuffs for human consumption, remove a waste product from a world troubled by pollution and waste disposal, and become an economical roughage substitute in modern complete feeds. Paper has an advantage over other wood waste products in that it has undergone a type of pulping process which removes lignin and makes cellulose more available to the digestive enzymes and should, therefore, increase digestibility. Paper contains much cellulose and, depending upon the quality of the paper, most of the lignin is removed or mechanically separated from the cellulose fibers. Newsprint is primarily a mechanical pulping product which contains most of the lignin (1) . The crude fiber content of newsprint and other wood pulp varies from 60 to 85%. Therefore, these products can be classified as roughages (5, 15) .
Early research with paper or wood pulps concerned purified diets. Mead and Goss (13) used 14% paper in cattle rations and found that it increased apparent digestibility of crude fiber. Other researchers (4, 22) fed pulps in purified rations for up to three years or up to 35% of the diet without detrimental effects. Rook and Campling (18) fed a molasses wood pulp as the sole roughage to lactating cows for up to 30 days and found that some animals refused the pulp after several feedings and others would not consume satisfactory amounts. Kesler et al. (9) fed a molasses-paper product to two lactating cows and found that they could maintain milk production. However, dairy heifers fed the molasses-paper product did not gain satisfactorily. Other studies have ~ERTENS ET AL shown that paper can be added to steer rations up to 15% with equal or better gains than control animals (8) . Waste office bond paper has been used in sheep rations at 0, 15, 30, and 45% of the diet indicating that paper can be successfully used as a roughage source (15) . Recently ttawkins et ah (7) reported that dairy cows fed a 50% paper ration had similar ruminal total volatile fatty acids compared with control animals fed a 47% concentrate and 53% roughage ration. Since the lactating ruminant is an efficient converter of cellulose products into human food, it seemed appropriate to study effects of feeding paper to milking cows. Data on waste product utilization are limited. Thus, the following study was to observe effects of two levels of paper in the diet on milk production and composition, feed intake, and rumen characteristics of lactating cows.
Experimental Procedure
Fifteen lactating cows from the University of Missouri--Columbia Holstein farm were in a 3 X 3 Latin square design consisting of three 6-week periods. The first two weeks of each period were designated adjustment period, and all data were collected the last four weeks of each period. Cows were selected by stage of lactation, milk production, and age and were randomly assigned to a treatment sequence of 0, 10, 20; 10, 20, 0; or 20, 0, 10% paper in the blended ration. The average stage of lactation was 40 days postpartmn with an average daily milk production of 26.3 kg. Animals were housed and fed in a conventional tie-stall barn to facilitate recording of individual feed intake and were released twice daily for exercise and milking.
Previous experiments at this station (5) indicated that 8 and 12% paper could be fed to Holstein steers with acceptable results. The 10% and 20% paper were in this experiment to help establish a maximal amount that could be satisfactorily used in lactating cow rations. Twenty per cent cottonseed hulls was in the control ration so the high paper blended ration would contain no other source of roughage.
Rations consisted of 50% ground shelled corn, 15% soybean oil meal, 14% liquid blaekstrap molasses, 0.5% salt, and 0.5% diealeium phosphate with the variable of the three treatments being; A, 20% cottonseed hulls; B, 10% cottonseed hulls and 10% ground newspaper; and C, 20% ground newspaper. gram. Animals were allowed free access to salt and steamed bone meal during exercise. Higher than normal liquid molasses was added to reduce ration dustiness and to increase feed intake. Printed newspapers from the Columbia Missourian were ground through a Papec hammer mill with a 1 em screen. Feed was mixed in a 455 kg batch mixer and stored in burlap bags. Long alfalfa hay was fed at 2.3 kg per day to aid in preventing possible fat-depressing tendencies of a ground complete ration. All rations were fed four times daily at 3 A~, 9 A~% 1 P~, and 5 P~. Hay was fed at 7 A~, immediately after the morning milking. Daily refusals of hay and blended ration were weighed separately. To ensure ad libitum feed intake, blended rations were fed in excess allowing 10 to 20% refusals. No grain was fed in the milking parlor.
Samples of hay and blended rations were taken weekly during the collection period and subjected to proximate analysis. Composite samples were used to determine gross energy by bomb calorimetry. Milk weights were recorded daily. Milk samples were taken weekly and analyzed for milk fat by the Babcock procedure, solids-not-fat by the Westphal balance, and milk protein by Orange G dye-binding. Body weight changes were determined by successive 2-day weighings, initially and at the end of each period.
Rumen fluid samples were obtained by stomach tube at the end of weeks 5 and 6. The samples were taken 2 hr after hay feeding and just before the 9 A~ regular feeding. Rumen pH was determined immediately after sampling by standard procedures, and rmnen oxidationreduction potentials (red-ox) were determined at the same time by platinum inlay and calomel reference electrodes. The 50 inl samples were mixed with 1.0 ml of concentrated sulfuric acid and frozen until volatile fatty acids were determined by gas liquid chromatography as described by Bamngardt (2) .
Estimates of dry matter digestibility were by a modification of Mellenberger et al. (14) in vitro technique. Inocula for the in vitro technique were collected from three fistulated cows which had been fed the corresponding ration for at least six weeks before the trial. The technique was modified so that Bunsen valved rubber stoppers were used instead of plastic screw caps with the tubes incubated in a vertical position. Values were corrected to in vivo by standard forages of known in vivo digestibility.
Analysis of variance was according to Snedecot and Cochran (19) . Orthogonal contrast was the regression of various parameters due to treatments (19) .
Results and DiscuSsion
Proximate analysis and gross energy. The chemical analysis and gross energy values of the blended rations in Table 1 indicate that increased paper in the ration increased crude fiber, ether extract, and gross energy. The increased crude fiber is probably due to the high crude fiber in paper. However, increases in ether extract and gross energy could not be explained. Since paper was the variable between rations, paper must have caused these differences. Consequently, gross energy values were determined for newspaper, with and without ink, and pure wood cellulose. Newspaper with ink yielded 4.74 kcal per gram while wood cellulose and newspaper without ink yielded 4.43 kcal per gram. These data indicate that ink increased gross energy. Since ink is carbon black and a mineral oil vehicle, it is possible that it could increase the gross energy of paper. The mineral oil vehicle could also explaiu increases in ether extract. The decreases in crude protein, N-free extract, and ash can be explained by the low levels of these components in newspaper.
Ration intake and body weight differences. Ration intakes were different (P < .05) with an inverse linear response for the three treatments. Average daily ration intakes were 21.5, 17.0, and 12.5 kg dry matter for the control, 10% paper, and 20% paper rations. Apparently, even 14% liquid molasses did not prevent TABLE 2. Milk yield and composition. a decrease in feed intake. Moreover, even with this high level of molasses, paper rations were dusty and had an apparent low density. Average paper consumption for the 20% paper treatment was 2.5 kg per day with two animals consuming 3.0 kg of paper daily during the 4-week experimental period. Average daily hay intakes were 1.9, 2.0, and 2.1 kg for the control, 10% paper, and 20% paper treatments with the 20% paper treatment significantly different (P < .05) from the other two treatments. There was a direct linear response between hay intake and paper indicating that the animals receiving ground newspaper consumed more of the coarser portion of the hay. These data suggest that the paper rations were not as acceptable as the control.
There were no significant differences (P > .05) among average body weights by treatments. Body weight change per periods by treatments were +24.1 kg, ~-18.3 kg, and --5.3 kg for the control, 10% paper, and 20% paper treatments. Since this was a Latin square experiment and there were large differences in feed intake between treatments, it is believed that part of these body weight changes were rumen fill.
Dry matter digestibility. Dry matter digestibilities by the in vitro technique were not significantly different. After the dry matter disappearance values were corrected to in vivo, estimates of dry matter digestibility were 77.4, 77.4, and 77.5% for the control, 10% paper, and 20% paper.
Milk yield and composition. Weeks Of experimen'tal period :Fro. 1. Average daily ml]k yields during the experimental period. composition are in Table 2 . The 20% paper treatment had a lower actual milk yield (P < .05) than the other two treatments with a significant inverse linear response between actual milk yield and paper. The effect of paper on milk yield is graphically in Figure 1 . Milk yields decreased dramatically when animals were fed the 20% paper ration. The effect of treatment on milk yield was partially due to the decreased feed intakes. The animals consumed 9.0 kg less feed per day when given 20% paper ration than when offered the control ration. Therefore, production would be expected to decline.
Paper treatments had a significant (P < .05) effect on milk fat percentage with a direct linear response. When the paper was increased from zero in the control ration to ]0% paper, milk fat percentage increased 0.5%. Milk fat percentage increased 0.3% when the ration paper was increased from 10% to 20%. The control ration which contained 20% cottonseed hulls was fat-depressing even with the addition of 2.3 kg of long alfalfa hay per day. These data agree with Ronning et al. and others (6, 1], 16, 17) who suggested that 20% roughage was not satisfactory in maintaining normal milk fat percentage. Yet, the paper rations contained only 20% roughage and increased milk fat percentage. This discrepancy might be explained by the fact that the paper increased crude fiber to above the ]5% suggested by some researchers to maintain normal milk fat (12, 20) . Figure 2 suggests that the effect of treatment on milk fat percentage is rapid within the first three weeks.
When yields of 4% fat-corrected milk (FCM) were compared, there were no significant (P > .05) differences among treatments. The effects of increasing paper in a ration on milk fat percentage balanced decreases in actual milk production. :However, the cows consumed these .30 for the control, 10% paper, and 20% paper treatments. The better conversion efficiency of the paper treatments appears to be related to both a change in body weight and a difference in type and amount of fiber consumed.
Milk protein percentage and percent solidsnot-fat were not significantly different among treatments. Per cent total solids was higher (P < .05) for the 20% paper treatment with a direct linear response. Since milk protein decreased and solids-not-fat had a quadratic response, the effect of treatment on total solids can be explained by the increased milk fat percentage when paper was increased.
Rumen pH~ oxidation-reduction potential and volatile fatty acids. Rumen pH, red-ox potential, and volatile fatty acids are in Table 3 . There was a significant difference (P < .05) in ruminal pit between the control and 20% paper treatments. The high pH values were probably due to the sampling technique. Fistulated animals fed these rations in a separate study had rumen fluid H-ion concentrations of 6.30, 6.27, and 6.23 for the control, 10% paper, and 20% paper. The inverse linear response of pH to paper cannot be explained; however, it agrees with the higher total volatile fatty acids of the paper treatments. The red-ox potential of the rumen fluid was to provide an indication of microbial activity (3). There were no significant differences (P > .05) in red-ox potentials among treatments; however, the lower potentials and H-ion concentrations of the paper treatments suggest that the fermentation rate was greater at the time of sampling. Ruminal acetate and propionate were not significantly different (P ~ .05) among treatments. There was a direct linear relationship between rumen acetate and paper. The lack of a significant change in tureen acetate and propionate are unexplained unless the rumen sampling time was too long after feeding the blended paper ration. Paper treatments resulted in higher ruminal total volatile fatty acids and a lower pit which were largely the result of increased acetate. These ruminal changes were associated with increases in milk fat percentages. The inverse linear relationship of ruminal valerate and paper and the higher valerate (P < .05) of the control ration agree with the depressed milk fat percentage suggested by Lassiter et al. (10) . They found that addition of valeric and isovaleric acids had fat depressing tendencies.
Behavioral observations. To study behavioral effects of the diets, behavioral observations were made for several 1-hr periods. Animals receiving paper diets ate more quickly after feeding but stopped eating more quickly than controls. Animals which consumed paper chewed the ration more slowly than the controls, suggesting that the dusty paper ration required more mastication and salivation before swallowing.
During the adjustment period several animals being changed to the control ration suffered digestive upsets and would not consume the ration for several days, even though changes were over 10 days. This finding agrees with ¥illavicencio et al. (21) , who found digestive upsets when animals were fed complete rations.
